Enzymes are detected and their activity is measured by their effect on the rates of specific chemical reactions. Enzyme determinations thus involve comparisons of rates of reaction with and without active enzyme in the reaction mixture, and, for calibration purposes, comparison of the unknown enzyme activity with that of a standard activity defined in terms of arbitrary 'enzyme units'. Like other proteins, enzymes are susceptible to denaturation; that is, to a disarrangement of the architecture of the molecule accompanied by a loss of biological activity. When concentrated solutions of pure enzymes are available denaturation can be detected by changes in physical properties of the solution as well as by a fall in activity. However, the enzyme solutions encountered in clinical biochemistry are invariably extremely dilute, so that the only way in which denaturation is manifest is as a fall in enzyme activity. This invalidates the use of prepared enzyme solutions as analytical controls or standards, since there is no way of distinguishing between a change in analytical results due to an alteration in analytical performance and one due to deterioration of the control solution. Some factors causing enzyme denaturation are well understood, such as heating, change of pH or the effect of concentrated urea solutions. Others, however, are less clearly defined and include denaturation at interfaces between protein solutions and air (as in froth) and at glass surfaces. These factors are less easy to control.
Few, if any, enzymes of clinical interest have been prepared in a highly purified state and their absolute molecular activities determined. It is not possible, therefore, to prepare enzyme solutions of known activity by weighing in pure enzyme. Such solutions must be calibrated by measuring their activity, and the units of activity thus obtained will depend on the method of calibration employed. For the reasons advanced earlier the stability of these solutions cannot be ensured, even if they are frozen or freezedried, and consequently it is desirable that the calibration methods should be set up in the laboratory in which the unknown enzyme samples are to be analysed and the control and calibration solutions are to be used.
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Dept. Chemical Pathology, Royal Postgraduate Medical School, London, W.12 bration of 'secondary' methods, (e.g. colorimetric automated procedures) by direct comparison with 'primary' methods, i.e, methods in terms of which the enzyme units were originally defined. These primary methods will, where possible, be based on kinetic rather than fixed-time principles. Secondly, the introduction into batches of unknown specimens of quality-control samples which have themselves been recently checked by the appropriate primary method; these samples may typically be deepfrozen serum pools. Additional quality-control procedures may include the plotting of batch means, when batches are sufficiently large, or frequent reassessment of normal ranges.
In this scheme the quality control of enzyme estimations lies entirely within the laboratory, from the selection and operation of primary, or reference, methods to the checking of calibration and control samples. Enzyme-containing controls provided from outside the laboratory have no place in the scheme, unless it is as sources of high or low enzyme activity which are nevertheless checked by the laboratory's own primary methods: there are, however, less expensive ways of meeting this need, for example, by the preparation of extracts of tissues obtained at autopsy.
The mention in the foregoing discussions of 'primary' or 'reference' methods by which a laboratory should calibrate its enzyme assays may, to some clinical biochemists, be reminiscent of attempts which have been made in the past to introduce standard methods of analysis into clinical chemistry laboratories. The disadvantages of this approach are well known, particularly the dangers of inhibiting improvement in technique. In the enzyme qualitycontrol procedure outlined here, however, a laboratory is free to select, and to change, its reference methods: the only obligation laid upon the laboratory is that it should not report results in 'units' other than those defined by the reference method that it has elected to use, since deviations from published procedures which are claimed not to alter the value of the units of activity, or the use of conversion factors of doubtful validity, probably account for much of the lack of comparability between enzyme results from different laboratories.
It has been assumed in this discussion that enzyme-containing solutions of satisfactory stab- absence of such preparations is a distinct disadvan- April, 1969. tage, however, particularly when it is desired to compare the performance of one laboratory with that of another, or to relate the results from one centre to those obtained elsewhere. Greater standardisation than exists at present could be achieved by agreement on reference methods for the estimation of enzymes of diagnostic value, and such methods would probably be well within the scope of larger centres of clinical biochemistry, Nevertheless, calibrated enzyme preparations of assured stability would still be desirable to ensure full interchangeability and comparability of results of enzyme assays and to permit inter-laboratory qualitycontrol surveys of the type now becoming routine for non-enzymic constituents, and it is in this area that systematic research is needed.
Preparation of enzyme control-sera has often meant merely enhancing the enzyme activity of a serum pool which is then lyophilysed, the added enzymes being derived from animal sources and perhaps having quite dissimilar properties from the human enzymes they are intended to simulate. Occasionally, control of pH may be introduced as an aid to the stability of certain enzymes but, in general, lyophilysation is relied upon as being adequate to ensure stability. By reason of their 113 method of preparation such enzyme control sera contain many different types of enzyme activity and, for obvious reasons of economy and convenience, it is usual to regard them as equally effective as controls for all the enzymes which can be shown to be present. However, it is by no means certain that the several enzymes are uniformly stable on storage and reconstitution of the sample. Although this type of enzyme control preparation is very widely used, it has not been accepted by clinical chemists with the degree of confidence that they have bestowed on equivalent controls for non-enzymic constituents.
Knowledge of the chemical constitution of many enzymes is growing rapidly and as a consequence it should be increasingly possible to identify those points of weakness in an enzyme molecule which are responsible for its loss of activity in particular circumstances, and to protect these weak points chemically. Current research on the attachment of enzymes to insoluble supports for use as industrial reagents may also produce results which can be applied usefully in other areas ofenzyme stabilisation. Whatever lines may be followed, the problem of standardisation of enzyme assays is now so important that programmes of systematic and sustained research are justified.
